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(57) ABSTRACT 

A signal processor for effecting the conversion of an audio 
data signal from one format to another. The signal processor 
has a signal converter that can selectively acquire two 
operative modes, namely a first operative mode and a second 
operative mode. In the first operative mode, the signal 
converter transforms the audio data signal from one format 
to another and releases the converted audio data signal from 
the output of the signal processor. In the second operative 
mode, the signal converter is disabled and permits passage 
of the audio data signal to the output without conversion. 
The signal processor has a control unit for controlling the 
transition of the signal converter between operative modes. 
The control unit enables the signal converter to pass from the 
first operative mode to the second operative mode when at 
least one operating condition has been satisfied. The control 
unit reacts to a link impairment occurring on the data 
communication channel to alter the operating condition to be 
satisfied to enable passage from the first operative mode to 
the second operative mode. In a specific example of 
implementation, the modification to the operating condition 
can be such as to "tighten" the requirements to be met for 
switching from the first to the second operative mode. 

23 Claims, 4 Drawing Sheets 





Audio Data Signal (Encoded C 



U.S. Patent Apr. 13, 2004 Sheet 1 of 4 US 6,721,707 Bl 




U.S. Patent Apr. 13,2004 Sheet 2 of 4 US 6,721,707 Bl 



Figure 2 



Audio Data Signal (Encoded Data) 



First Signal Processor 
* 200" 




231 



Audio Data Signal (Encoded Data) 

Second Signal Processor 




U.S. Patent Apr. 13,2004 



Sheet 3 of 4 



US 6,721,707 



Figure 3 

Toward input 211 




300 

link impairment monitor 
unit 








302 

Data 
Structure 









304 

link error response unit 



306 

Data 
Structure 



U.S. Patent Apr. 13, 2004 Sheet 4 of 4 



US 6,721,707 Bl 




US 6,721,707 Bl 

1 2 

METHOD AND APPARATUS FOR 5,768,308 granted to the present assignee that describes the 

CONTROLLING THE TRANSITION OF AN process in great detail. The contents of this document are 

AUDIO CONVERTER BETWEEN TWO hereby incorporated by reference. 

OPERATIVE MODES IN THE PRESENCE OF The codec in one base station controller can switch to the 

LINK IMPAIRMENTS IN A DATA 5 bypass mode as a result of an in-band hand-shaking opera- 

COMMUNICATTON CHANNEL ^ on tne codec in the other base station controller. 

Transmitting control information from one codec to the 

This application claims the priority benefit of U.S. Pro- other over the , aud , io da £ stream allows thls hand-shaking 

visional Application No. 60/134,201, filed May 14, 1999. °Pf ratl ° n t0 ta ^ P la ^ e ; ™ e information is transmit- 

10 ted by bit stealing. This is effected by inserting in selected 

FIELD OF THE INVENTION PCM samples bits from the control information signal. Once 

„,..., . , . the handshaking operation is completed, the decoder of the 

This invention relates to signal processing and more codec in one base statjon controUer and ,he encoder of the 

particularly to a method and apparatus for enabling the ^ in the other base stahon LOntrolfcr are caused t0 

transition of an audio data signal converter between the transition to the inactive mode. 

active mode and the inactive mode when link impairments, ^ elemeQt rf && ^ fa ^ ^ rf 

either transitory or sustained, exist in the data communica- g ^ of ™ ^ tiws J^ between 

SLS^Ite^TS al n a diTalcelluto Astern o the ^ byp3SS C * pa " e deViC6S - ™^ the ^ ° f a PCM 

,, . „„,„. ' , f . , , ^ speech sample is unlikely to be severely effected by possible 

a Voice-over-IP(VoP) system in particular vocoder bypass b £ mani Xtion that may arise during transmission over 

capable systems that can selectively enable the activation or either ^ forward / re(urn ^ da(a cQm _ 

de-activation of the decodmg and encoding functions in the ... , , „ , . ., ... r 

connection mumcation channel, a small change to the bits of a com- 

' " " 1 1 pressed audio data signal will have important detrimental 

BACKGROUND OF THE INVENTION consequences on the quality of communication over the link. 

25 Thus, codec bypass operations rely on a clear data commu- 

In a digital communication system such as a wireless nication channel 5etween the ^ bypass capable devices . 
system or a VoIP system, an audio signal may be processed Channel noise or impairments present on the inter-device 
by a series of speech encoders and decoders as it is trans- i ink may a ] ter the lraffic and/or signa ii ng information bit 
mitted from one endpoint to another. In the example of a pattem transferred between the two devices and could 
digital cellular mobile-to-mobile connection, the audio data 3Q disrupt bypass operations causing severe degradation to the 
signal is first encoded by a speech encoder at the first mobile communication. Inter-device link impairments can be gen- 
telephone and transmitted in an encoded format to a base erated by p00rly engineered connections, by jitter due to a 
transceiver station of a cell site where it is transferred to the packet network or by In _ Patn Equipment (IPE) such as A/D 
base station controller servicing that cell site. At the base converters, D/A converters, echo cancellers, gain pads or 
station controller, the encoded speech information is pro- 3J conference bridges. Most of the IPEs alter the signal trans- 
cessed by a compatible speech decoder that converts the ferred on the ^ completely prohibiting codec bypass 
compressed speech stream into PCM samples. The PCM operations before proceeding beyond the negotiation stage 
samples are then transported over the landline network, such vj a PCM j^band signaling. Consequently, the communica- 
as the PSTN, toward the base station controller servicing the lion re m a ins in non-bypass mode with no noticeable deg- 
cell site communicating with the other mobile telephone. At 40 ra( jation due to the impairment. However, some improperly 
the second base station controller, the PCM speech samples conditioned connections, jitter or IPEs alter the signal lightly 
are again processed by a speech encoder. The encoded or selectively but could nonetheless induce severe degrada- 
mformation !S sent from the base transceiver station of the t ion to the vocoder bypassed communication. Codec bypass 
cell site to the second mobile telephone where the com- operations under the influence of such noise and impair- 
pressed speech stream is converted one more time by a 4J men ts may manage to proceed beyond the negotiation stage 
speech decoder into PCM samples that can be used to such that the communication enters the codec bypass mode, 
generate an audio signal. Bypass traffic information or signaling information will then 

In this, codecs on both sides of the mobile-to-mobile call be subject to important distortion by the impairments. In the 

are connected in tandem, which is known to degrade the case of traffic information distortion, end-to-end quality is 

speech quality as a result of the successive encoding/ 50 poor for the duration of the codec-bypassed conversation. In 

decoding of the audio data signal. the case of signaling information distortion, bypass stability 

The "vocoder bypass" technique alleviates this problem. is perturbed. Overall, the effect on the communication can be 

During a connection between two base station controllers severely objectionable and annoying, 

having identical codecs, the codecs are switched off when Aparticular problem also arises when the link impairment 

they are made aware of their mutual existence. Thus, the 55 is of a magnitude such as to cause the bypass capable 

encoded speech information arriving at the first base station devices to exit the bypass mode momentarily. The existing 

controller flows in encoded format through the PSTN and bypass logic is such that the bypass capable devices will 

arrives as such at the second base station controller. attempt immediately to re-engage the bypass mode. If they 

Therefore, when in bypass mode, the data communication manage to do so under the same link impairment conditions, 

channel between the base station controllers transmits com- 60 the bypass mode will be engaged and likely to be lost soon 

pressed data as opposed to speech samples. This procedure thereafter. This cycling is objectionable, as the quality of the 

eliminates one decoding operation of the speech signal at the transmission is highly degraded. 

first base station controller and one re-encoding operation of Against this background it clearly appears that there is a 
the signal at the second base station controUer. As a result, nee d in the industry to improve the behavior of signal 
the audio quality is significantly improved. 65 processors, in particular bypass capable signal processors, in 
For additional information on the "vocoder bypass" the case where link impairments develop in the data corn- 
technique, the reader is invited to refer to the U.S. Pat. No. mumcation channel. 
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SUMMARY OF THE INVENTION 

The present invention provides a signal processor for 
effecting the conversion of an audio data signal from one 
format to another. The signal processor has a signal con- 
verter that can selectively acquire two operative modes, 
namely a first operative mode and a second operative mode. 
In the first operative mode, the signal converter transforms 
the audio data signal from one format to another and releases 
the converted audio data signal from the output of the signal 
processor. In the second operative mode, the signal con- 
verier is disabled and permits passage of ihe audio data 
signal to the output without conversion. 

The signal processor has a control unit for controlling the 
transition of the signal converter between operative modes. 
The control unit enables the signal converter from passing 
from the first operative mode to the second operative mode 
when at least one operating condition has been satisfied. In 
a specific, non-limiting example of implementation, the 
operating condition can be the reception from a companion 
signal processor of a certain number of error-free control 
messages during a handshaking operation. The present 
invention also covers the situation where a plurality of 
operating conditions need to be met to allow the transition 
from the first operative mode to the second operative mode. 

The control unit reacts to a link impairment occurring on 
the data communication channel to alter an operating con- 
dition to be satisfied to enable passage from the first opera- 
tive mode to the second operative mode. In a specific 
non-limiting example of implementation, the modification to 
the operating condition can be such as to "tighten" the 
requirements for switching from the first to the second 
operative modes. For instance, when the original operating 
condition is the reception of a number of error-free control 
messages during the handshaking operation, the altered 
operating condition requires a higher number of error-free 
control messages to be received to allow the signal converter 
to switch subsequently from the first operative mode to the 
second operative mode. This feature prevents or at least 
reduces the likelihood of undesirable cycling of the signal 
converter between its operative modes. 

The signal processor according to the invention can find 
applications in digital communication systems, such as a 
digital cellular system or a Voice-over-IP (VoIP) system, in 
particular codec bypass capable systems that can selectively 
enable the activation or de-activation of the encoding and 
decoding functions in the connection. In a preferred 
embodiment, the audio data signal is an encoded signal that 
includes a succession of data frames. The signal converter 
has a codec with a decoder, located at a base station of the 
network that receives the audio data signal from the mobile 
telephone. In the active mode of the signal converter, the 
decoder converts the audio data signal into PCM format and 
sends it to a remote base station over a landline network, 
such as the PSTN (Public Switched Telephone Network). In 
the inactive mode, the signal converter passes the encoded 
audio data, namely the compressed data frames, to the 
output of the signal processor without decoding the data. 

At the remote base station that receives the audio data 
signal from the first base station, the signal converter has a 
codec with an encoder. In the active mode of the signal 
converter, the encoder converts the audio data signal from 
PCM format to compressed format and sends the encoded 
data to the corresponding mobile telephone. In the inactive 
mode, the signal converter passes the encoded audio data 
received from the first base station to the corresponding 
mobile telephone without re-encoding the data. 
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The invention also provides a method for processing an 
audio data signal. During a first mode of operation, the audio 
data signal is converted from a first format to a second 
format, where in the first format the audio data signal is 

5 compressed data and in the second format the audio data 
signal is de-compressed data. During a second mode of 
operation, conversion of the audio data signal from a first 
format to a second format is omitted. The processing of the 
audio data signal can be switched from the first mode to the 

10 second mode when at least one operating condition is 
satisfied. The method comprises altering the condition when 
a link impairment develops, such that subsequent transition 
from the first to the second mode of operation will neces- 
sitate satisfying a different operating condition. 

15 The invention also extends to a transmission system using 
the signal processor described above. 

Other aspects and features of the present invention will 
become apparent to those ordinarily skilled in the art upon 
review of the following description of specific embodiments 

20 of the invention in conjunction with the accompanying 
figures. 

BRIEF DESCRIPTION OF THE FIGURES 
FIG. 1 is a block diagram illustrating a mobile-to-mobile 
25 digital cellular system connection through the PSTN; 

FIG. 2 is a block diagram illustrating the signal processors 
in two respective base station controllers of the digital 
cellular system of FIG. 1, that implement the novel signal 
30 processor in accordance with an embodiment of the present 

FIG. 3 is a block diagram of a control unit of a signal 
processor, in accordance with an embodiment of the present 

35 FIG. 4 is a flowchart illustrating an example of the 
operation of the signal processor in accordance with the 

DETAILED DESCRIPTION OF THE 

4Q PREFERRED EMBODIMENT 

FIG. 1 is a block diagram representation of a portion of a 
cellular wireless telecommunications network. In this figure, 
Mobile Terminals (MT) are on the move in the hexagonal 
areas defined as cells. Fixed wireless terminals (FWT) are 

45 also included in the areas defined as cells. Each cell covers 
a predetermined geographical area and has a Base Trans- 
ceiver Station (BTS), which communicates through radio 
channels with the MTs and FWTs. Atypical communication 
protocol between the BTSs and the MTs and FWTs may be 

so a TDMA protocol. Alternatively, the communication proto- 
col could be a CDMA or GSM protocol, among others. For 
purposes of illustration, assume hereinafter that a TDMA 
protocol is in effect. A number of these BTSs (i.e. cells) may 
be connected, for example by land fine or microwave link 

55 150, to one Base Station Controller 100, 105 (BSC), which 
controls handoff functions, among others, and routes the 
signal as requested. Each BSC 100, 105 is connected to a 
landline network 130. The landline network 130 may 
include, among others, the Public Switched Telephone Net- 

eo work (PSTN), the Integrated Services Digital Network and 
the Internet. Land terminals 140 (LT) connected to the 
landline network 130 are also shown for completeness. 

In a specific call scenario, a first subscriber 160 is 
communicating with a second subscriber 165 via a first cell 

65 site 170 and BSC 100 and a second cell site 175 and BSC 
105. The BSCs 100 and 105 communicate with each other 
over the landline network 130. 
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Each BSC 100, 105 comprises a digital signal processor. of voice signal. Note that such degradation of speech quality 
With reference to FIG. 2, the signal processor 200 is due to successive decoding/encoding operation may occur in 
associated with the BSC 100, while the signal processor 205 a digital communication system other than a wireless 
is associated with the BSC 105. The digital signal processor system, for example a packet network implementing VoIP. 
200 includes a codec 210 that provides the capability of 5 Further, the present invention is applicable to network 
voice transcoding from mu-law (or A-law PCM depending configurations in which a packet network may interconnect 
on which format is being used) to a compressed format (in with another network type such as a circuit switched net- 
accordance with the standard being used), and vice versa. work or a wireless network. 

The digital signal processor 205 includes a codec 215 that In a typical interaction, the digital signal processor 200 

carries out same transformations. In a particular example, lQ sends to the digital signal processor 205 a control informa- 

the compressed format in use is VSELP (Vector Sum tion signal that is essentially an identifier. As briefly dis- 

Excited Linear Prediction). cussed earner, this handshaking function is handled by the 

The digital signal processors 200 and 205 are connected control units 220 and 225. When the control unit 225 of the 

to one another by a transmission facility 231 that could be digital signal processor 205 receives this signal, it returns to 

a data duplex communication channel through the landline 'he control unit 220 of the digital signal processor 200 an 

network 130. For the purpose of this example, the transmis- acknowledgement message. Upon reception of the acknowl- 

sion facility 231 includes a Tl connection. The data com- edgement message the control unit 220 of the digital signal 

munication channel 231 includes a forward link for trans- P roces f° r .»» ■ issues yet another control message to the 

„• • , „ tU e „, • , „ onn .„ control unit 225 and activates the bypass mode (i.e. inactive 

porting signals from the first s gnal processor 200 to the 210 a control signal at input 

second signal processor 205 and a return Imk for transport- 2Q m ^ ^ ^ q{ ^ ^ fa ^ 

ing signals from the second signal processor 205 to the first means mat [he incomiDg stream of encoded frames from the 

signal processor 200. mobi]e te]ephone 160 is passed as such in the transport 

The digital signal processor 200 includes a control unit facility 2 31. When the control unit 225 of the digital signal 

220 that effects a handshaking procedure with the digital processor 205 receives the bypass control message from the 

signal processor 205 to establish, if possible, a codec bypass 25 control unit 220, the control unit 225 issues a local control 

condition. A control unit 225 is provided in the digital signal signal that causes the encoder of codec 215 to acquire the 

processor 205 to handle the handshaking function at the bypass mode (i.e. inactive mode) such that the encoded 

signal processor 205 side. In use, the control units 220 and audio frames are transmitted through the signal processor 

225 exchange control signals over the data communication 205 without being re-encoded. 

channel 231. These control signals are multiplexed with the 30 In order to more precisely control the transition to the 

audio data stream transported over the data communication bypass mode of each codec 210, 215 each control unit 220, 

channel 231. Alternatively, the control signals may be sent 225 implements bypass logic that reacts to link impairments, 

separately over the data communication channel 231, in A functional block diagram of the control unit 220 is 

parallel with the audio data stream. When the handshaking depicted in FIG. 3. The control unit 225 has an identical 

operation for bypass operation in the direction from the BSC 35 functional behavior and for that reason the description of 

100 to the BSC 105 is completed, control unit 220 issues a one control unit will apply to the other control unit, 
local signal at input 211 to codec 210, so that the decoding The control unit 220 includes a link impairment monitor 

function is disabled. Similarly, control unit 225 issues its umt 300 whose basic function is to detect the occurrence of 

own local signal at input 212 to codec 215, so that the UD k impairments and also to collect statistical information 

encoding function is disabled. For instance, encoded 40 about such impairments. The link impairment monitor unit 

(compressed) audio data applied at the input 230 of the ^ coupled to the data communication channel 231 and 

signal processor 200 is passed without being decoded receives the audio data travelling on the return link of the 

through the transport facility 231. When the compressed data communication channel 231. That is to say that the 

audio data reaches the signal processor 205 it passes to the control unit 220 of signal processor 200 effects link impair- 

output 235 without being re-encoded and is directed to the 45 m ent analysis based on data issued by the companion signal 

mobile telephone 165 forming the end of the connection. processor 205. An alternative arrangement is also possible, 

This process will be described in greater detail later in this wne re each signal processor will effect link impairment 

specification. analysis on its own signals. This requires, however, that the 

Digital signal processors are generally comprised of mul- signals originating from the signal processor be sampled at 

tiple signal processors commercially available from a num- 50 a point downstream the location where the link impairment 

ber of suppliers. One such processor is Motorola's 560001 occurs. This may be effected by providing a separate data 

DSP. transmission facility over which the signal samples can be 

When a TDMA mobile-to-mobile connection such as transported, 
shown in FIG. 1 and in FIG. 2 is realized, two digital signal The link impairment monitor unit 300 observes the audio 

processors are involved in the connection. Normally, audio 55 data signal on the return link of the data communication 

data signal that is audio information in an encoded format channel 231 for the presence of data transmission errors that 

(such encoding has been effected at the mobile telephone are indicative of the presence of a link impairment. In 

160) is introduced at an input 230 of the digital signal particular, assuming that the two signal processors 200 and 

processor 200. Without any codec bypass procedure 205 are in the bypass mode and exchange compressed audio 

invoked, the audio data signal is passed to the decoder unit 60 data information, the link impairment monitor unit 300 will 

of the codec 210 and decoded into PCM format. Next, the observe each frame of compressed audio data information 

PCM samples are transported to the digital signal processor and control information for possible corruption of the data 

205 over the transport facility. The encoder unit of the codec that is protected by parity or by any other suitable error 

215 re-encodes the PCM samples that can then be sent to the detection scheme. When errors are detected, a statistical 

mobile telephone 165. 65 analysis is performed and the results of this analysis are 

This successive decoding/encoding operation introduces stored in a data structure 302. The following are examples of 

delay and perceptible coding noise that degrades the quality statistics that may be collected, among other possibilities: 
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Interval (remaining/staying in a particular bypass state); control unit 220 from the signal processor 205 to consider 

Frequency of occurrence (of data transmission error); the negotiation successful. The parameters as to the maximal 

Bit error rate (during negotiation and after bypass amount of time to complete a successful bypass negotiation 

establishment)- minimal number of error-free control messages are 

, , . „ 5 read from the data structure 306. The link error response unit 

Run-length (error pattern of continuous/bursty nature); 304 basically establishes a timer mechanism to test the first 

Energy level during negotiation (assuming bypass nego- operating condition and a counter mechanism to test the 

tiation takes advantage/uses the energy profile). second operating condition. The timer mechanism and the 

The control unit 220 also comprises link error response counter mechanism are reset on a call establishment action 
unit 304 that is operative to react to the detection of a w such as a call setup or a handoff. A flag will be set at the link 
transmission error by the link impairment monitor unit 300, error response unit 304 if full duplex bypass mode of 
in dependence on the history of statistics maintained by the operations is noi reached in a pre-defined iime-out period, 
link impairment monitor unit 300 in the data structure 302. i- e - 'he ua g is sel if the timer expires before the signal 
The link error response unit 304 also includes a data processor 200 receives and transmits bypass compressed 
structure 306 that contains data elements representative of „ information. The flag is set even if a half duplex bypass 
the operating conditions) to be met to allow the signal 5 mode of operations or intermittent half duplex bypass mode 
processor 200 to switch to the bypass mode. The following of operations is negotiated within the timeout penod, result- 
is a non-limiting list of possible operating conditions: m « 1D * e ^mission or reception of bypass frames in only 

... ° , f\. , . one of the forward or return directions. The flag is also set 

Maximum number of bit errors during a certain time tf (he Dumber of bypass/non . bypass transi tio^ within a 

frame in the handshaking process; 20 certain period of time exceeds a certain threshold The Unk 

A maximal time period allowed for completing a bypass error response unit 304 will discontinue the bypass nego- 

handshaking procedure; tiation at step 408, effectively disabling the bypass feature 

The minimal number of error-free control messages that for the remaining duration of the conversation, where this 

must be exchanged during the handshaking procedure may include the provision to re-attempt bypass negotiation 

to consider the procedure successful; 2 5 at a mucn later time - 0n the establishment of the next call, 

Requiring a particular signal characteristic (such as the b ypass mode feature is enabled and the timer, the 

energy level in the signal exchanged during the hand- co " nt f r > the fla § and an y relat ? d P^eiers are all reset 

shaking procedure) If the negotiation is successful, the signal processors 200 

The data structure 306 holds parameters related to the four and 205 both emer the b >T ass mode at ste P 410 ' such that 

operating conditions listed above. The logic enforced by the 30 compressed data is transmitted over the data communication 

link error response unit 304 is such that the signal processor channel 231 between the signal processors 200 and 205. At 

200 will be allowed to enter the bypass mode only when the ste P 412 ' the lmk impairment monitor unit 300 monitors 

conditions defined by the various parameters in the data b yP ass f rames for . lhe P r6sen <f of impairments over the link, 

structure 306 have been met where such impairments will have manipulated the bypass 

The link impairment monitor unit 300 is capable to 35 &ame bits such that the impressed (encoded) data and/or 

transmit signals to the link error response unit 304. In ' he control ^formation is corrupted. Upon detection of a 

particular two types of signals are transmitted to the link data . transmission error at step 414 the ink impairment 

error response unit 304. The first signal is a notification mon i , ° r u ,f 300 ,ssnes a S1 g nal ,0 ^fak error res P onse , 

signal to advise the link error response unit 304 that a data umt 304 - [ he lmk e ™ r response unit 304 will issue a control 

transmission error has been detected on the return link of the 40 sl S na ! l ° the code c 210 10 cau f the encoder of the codec 210 

data communication channel. The second signal is the ,0 exit from the bypass mode. At step 420, the history of 

transmission to the link error response unit of the contents of statistics maintained by the link impairment monitor umt 

the data structure 302 that will enable the link error response 30 °/ " and recorded m the dala slructure 302 - 

unit 304 to determine the type and characteristics of the link . hl * ™Pa.rment monitor unit 300 then sends another 

impairment causing the data transmission error(s) and react 45 S1 § nal 10 tbe lmk error res P 0Dse umt 304 t0 communicate to 

accordingly ,ne lmk error response unit 304 the updated statistics. The 

The link' error response unit 304 has an output that link error res P on se unit uses the history of statistics to 

generates the control signal applied at input 211 of codec d etermine whether the data transmission error detected by 

210 to enable the codec 210 to enter the bypass state. The the lmk impairment monitor unit 300 is transitory (i.e. not 

signal applied to the input 211 also serves the opposite 50 permanent) or sustained. 

purpose that is to command the codec 210 to exit the bypass At ste P 422 > the u hnk , error res P onse umt anal y s ^ the 

state statistics issued by the hnk impairment monitor unit 300 and 

FIG. 4 is a flowchart illustrating an example of the determmes whether the detected transmission error is likely 

operation of the above described signal processor 200 and in t0 be . ««nfitory (i.e. whether it is likely to disappear) or 

particular the events that take place at the control unit 22 0 55 s u ustalned ( i e : whether 11 * 1,kel y to reoccur )> b y anal y zin 8 

for detecting and reacting to impairments over a duplex ,he history of statistics. The statistics are studied to deter- 

communication channel inter-connecting the two signal pro- m,ne whethe t r the y reveal a P a »icul a r pattern, where this 

cessors 200 and 205. At step 402, the tolerance levels are P attern ^ be: 

reset. At step 404, negotiation between the two signal a low number of detected transmission errors, with 

processors 200 and 205 is initialed in order to enter the 60 res P ect 10 a Particular predetermined threshold; 

bypass mode. In this particular example, the link error having been in a bypass state successfully for a predeter- 

response unit 304 applies two operating conditions that must mined duration; 

be met before allowing the codec 210 to switch to the bypass a negotiation interval that is below a certain predeter- 

mode. The first operating condition establishes a maximal mined threshold; 

amount of time to complete a successful bypass negotiation. 65 having never stayed in the bypass state for a sufficient 

The second operating condition is the minimal number of length of time, with respect to a predetermined thresh- 

error-free control messages that must be received by the old; 
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a particular frequency of re-occurrence of this statistic 

analysis; 
a high bit error rate. 

In a specific example, a statistic pattern representative of 
a sustained transmission error is one that reveals that the 5 
system has toggled between bypass mode and non-bypass 
mode greater than 10 times within a 1-second period of time. 
In another example, a statistic pattern representative of a 
transitory transmission error is one that reveals that the 
system has toggled between bypass mode and non-bypass 10 
mode twice within a 1-second period of time, and since the 
last toggle has remained in bypass mode for 2 seconds. 

If the link error response unit determines that the error is 
likely to be transitory at step 422 (for example in the case of 
call waiting), the parameters of the operating conditions) 15 
stored in the data structure 306 are altered such as to tighten 
the level of tolerance for such transmission errors at step 
428. This tightening of the tolerance may include decreasing 
the maximal time interval to reach successful negotiation 
and/or increasing the number of error-free control messages 2 o 
to be received to complete the negotiation. Other operational 
characteristics that could also be altered are as follows: 

the imposed maximal number of bit errors during the 
negotiation; 

a required particular signal characteristic (such as energy 25 
level). 

Once the tolerance has been tightened at step 428, bypass 
mode negotiation is attempted again (i.e. re-initiated) at step 
404. 

If the link error response unit 304 determines that the error 30 
is likely to be sustained at step 422, bypass negotiation is 
stopped at step 424, where this may include the provision to 
re-attempt bypass negotiation at a much later time. In other 
words, the interval between successive negotiation attempts 
is determined. At step 426, the upper layer (i.e. the system 35 
layer) is informed of the sustained transmission error, as well 
as of the resulting exit from bypass mode and interrupt of 
bypass negotiation. The system layer will react accordingly 
to such information, as it is operative to detect and recognize 
status messages arriving from lower layers within the tele- 40 
communications network. In particular, the system layer 
implements a multitude of different functionalities, each one 
initiated in response to notification of a particular event 
occurrence at a lower layer within the telecommunications 
network. In a specific example, the system layer is respon- 45 
sive to receipt of a sustained transmission error message 
from a base station controller to switch to use a different 
in channel and/or to notify system operators of 
a channel defects, among many other 
possibilities. 50 

Note that if the link impairment monitor 300 does not 
detect a data transmission error at step 414, such that the 
communication continues in bypass mode for a period of 
time exceeding a pre-determined threshold, the tolerance 
levels are reset at step 416. 55 

The control unit 220 can be implemented in various ways. 
One possibility is to use software executed on a suitable 
computing platform that includes a Central Processing Unit 
(CPU), a memory connected to the CPU through a bus and 
suitable interfaces. The program element that implements 60 
the functionality of the control unit 220 is stored in the 
memory where the individual instructions of the program are 
executed by the CPU. An alternative approach is to use 
multiple digital signal processors, such as the Motorola's 
560001 DSP. 65 

The above description of a preferred embodiment should 
not be interpreted in any limiting manner since variations 



and refinements can be made without departing from the 
spirit of the invention. The scope of the invention is defined 
in the appended claims and their equivalents. 
We claim: 

1. A signal processor, comprising: 

an input for receiving an audio data signal; 
an output for connection to a data communication chan- 
nel; 

a signal converter coupled to said input for processing the 
audio data signal at said input, said signal converter 
capable to selectively acquire a first operative mode 
and a second operative mode, in said first operative 
mode said signal converter converting the audio data 
signal from a first format to a second format and 
releasing the audio data signal in said second format 
from said output, in said second operative mode said 
signal converter permitting passage of the audio data 
signal to said output without conversion to said second 
format; 

a control unit coupled to said signal converter, said control 
unit being operative to enable said signal converter to 
pass from said first operative mode to said second 
operative mode when at least one operating condition 
has been satisfied, said control unit being responsive to 
the detection of a link impairment on the data commu- 
nication channel to alter the at least one operating 
condition that must be satisfied in order to enable 
passage from said first operative mode to said second 
operative mode. 

2. A signal processor as defined in claim 1, wherein said 
signal processor is operative for establishing a bi-directional 
communication with a remote entity over a duplex commu- 
nication channel i," 1 ling r 4 ■ ! iin! "d a return link, 
said output being operative for coupling to the forward link 
for transmitting the audio data signal toward the remote 
entity on the forward link, said signal processor being 
operative for receiving an audio data signal from the remote 
entity on the return link, said control unit being responsive 
to the detection of a link impairment occurring on the return 
link of the data communication channel to alter the at least 
one operating condition that must be satisfied in order to 
enable passage from said first operative mode to said second 
operative-mode. 

3. A signal processor as defined in claim 2, wherein the 
audio data signal is conveying speech sound information. 

4. A signal processor as defined in claim 3, wherein the 
first format is a compressed version of the audio data signal 
in the second format. 

5. A signal processor as defined in claim 4, wherein said 
signal converter includes a decoder. 

6. A signal processor as defined in claim 5, wherein said 
decoder is a VSELP decoder. 

7. A signal processor as defined in claim 4, wherein said 
control unit includes a link impairment monitor for moni- 
toring audio data signal in the first format on the return link 
of the data communication channel for the presence of 
impairments over the return link. 

8. A signal processor as defined in claim 7, wherein said 
control unit includes a link impairment response unit 
coupled to said link impairment monitor for receiving from 
said link impairment monitor a data signal conveying link 
impairment information. 

9. A signal processor as defined in claim 8, wherein said 
link impairment response unit includes a data structure 
holding data elements representative of operating conditions 
to be satisfied to enable passage from said first operative 
mode to said second operative mode, said link impairment 
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response unit being operative to alter at least one of the data 
elements representative of the operating conditions to be 
satisfied to enable passage from said first operative mode to 
said second operative mode in response to reception from 
said link impairment monitor of a data signal indicative of . 
occurrence of a link impairment. 

10. A signal processor as defined in claim 9, wherein at 
least one of the data elements representative of the operating 
conditions to be satisfied to enable passage from said first 
operative mode to said second operative mode is altered 1 
such as to tighten a tolerance level with respect to the 

:e of a link impairment on the return link of the data 
n channel. 

11. Asignal processor as defined in claim 10, wherein said 
link impairment monitor is operative to detect a link impair- j 
ment on the return link of the data communication channel 
by detecting data transmission errors on the return link of the 
data communication channel. 



12. Asignal processor as defined in claim 11, wherein said 
link impairment monitor is operative to detect data trans- 20 
mission errors on the return link of the data communication 
channel by observing parity information contained in the 
audio data signal in the first format on the return link of the 
data communication channel. 

13. Asignal processor as defined in claim 12, wherein said 25 
link impairment monitor includes a statistical analysis unit 
for generating data indicative of information selected in the 
group consisting of time during which said control unit has 
stayed in said second operative mode, frequency of occur- 
rence of data transmission errors on the return link of the 30 
data communication channel, bit error rate during negotia- 
tion for passage from said first operative state to said second 
operative state, bit error rate while in said second operative 
state, run-length, energy level during negotiation for passage 
from said first operative state to said second operative state. 35 

14. A signal processor as defined in claim 13, wherein the 
data signal conveying link impairment information conveys 
at least in part to said link impairment response unit the data 
generated by said statistical analysis unit. 

15. Asignal processor as defined in claim 14, wherein said 4Q 
control unit when in said second operative mode is respon- 
sive to the detection of a link impairment occurring on the 
data communication channel to switch to said first operative 

16. A signal processor as defined in claim 15, wherein an 45 
operating condition to be satisfied to enable passage from 
said first operative mode to said second operative mode 
corresponds to a maximal time interval within which to 
complete successful negotiation for passage from said first 
operative state to said second operative state. 50 

17. Asignal processor as defined in claim 16, wherein said 
operating condition may be altered such as to tighten a 
tolerance level with respect to the occurrence of a link 
impairment on the return link of the data communication 
channel by decreasing the maximal time interval within 55 
which successful negotiation for passage from said first 
operative state to said second operative state must be com- 
pleted. 

18. A signal processor, comprising: 

input means for receiving an audio data signal; 60 
output means for connection to a data communication 
channel; 

signal converter means coupled to said input for process- 
ing the audio data signal at said input means, said signal 
converter means capable to selectively acquire a first 65 
operative mode and a second operative mode, in said 
first operative mode said signal converter means con- 



verting the audio data signal from a first format to a 
second format and releasing the audio data signal in 
said second format from said output means, in said 
second operative mode said signal converter means 
permitting passage of the audio data signal to said 
output means without conversion to said second for- 



control means coupled to said signal c 

said control means being operative to enable said signal 
converter means to pass from said first operative mode 
to said second operative mode when at least one 
operating condition has been satisfied, said control 
means being responsive to the detection of a link 
impairment on the data communication channel to alter 
the at least one operating condition that must be satis- 
fied to enable passage from said first operative mode to 
said second operative mode. 

19. A method for processing an audio data signal, said 
method comprising: 

providing an input for receiving the audio data signal; 

providing an output for connection to a data communi- 
cation channel; 

providing a signal converter coupled to said input for 
processing the audio data signal at said input, said 
signal converter capable to selectively acquire a first 
operative mode and a second operative mode, in said 
first operative mode said signal converter converting 
the audio data signal from a first format to a second 
format and releasing the audio data signal in said 
second format from said output, in said second opera- 
tive mode said signal converter permitting passage of 
the audio data signal to said output without conversion 
Lo said second format; 

providing a control unit coupled to said signal converter, 
said control unit being operative to enable said signal 
converter to pass from said first operative mode to said 
second operative mode when at least one operating 
condition has been satisfied; 

in response to detection of a fink impairment on the data 
communication channel, altering the at least one oper- 
ating condition that must be satisfied to enable passage 
from said first operative mode to said second operative 

20. A method as defined in claim 19, wherein said signal 
processor is operative for establishing a bi-directional com- 
munication with a remote entity over a duplex communica- 
tion channel including a forward link and a return link, said 
output being operative for coupling to the forward link for 
transmitting the audio data signal toward the remote entity 
on the forward link, said method comprising: 

receiving an audio data signal from the remote entity on 
the return fink; 

in response to the detection of a link impairment occur- 
ring on the return link of the data communication 
channel, altering the at least one operating condition 
that must be satisfied to enable passage from said first 
operative mode to said second operative mode. 

21. A method as defined in claim 20, wherein the audio 
data signal is conveying speech sound information. 

22. A transmission system, comprising: 
a first signal processor; 

a second signal processor; and 

a duplex data communication linking said first signal 
processor to said second signal processor, said duplex 
data communication channel including a forward link 
and a return link; 
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said first signal processor being operable to convert an 
audio data signal from a first signal format to a second 
signal format for transmission on said forward link to 
said second signal processor, 

said second signal processor being operable to reconvert 5 
said audio data signal from said second signal format to 
said first signal format; 

said first signal processor including: 

a) an input for receiving the audio data signal; 

b) an output coupled to said forward link for transmit- 10 
iing the audio data signal in cither one of the first and 
second format to said second signal processor; 

c) a control unit operative to enable said signal pro- 
cessor to pass the audio data signal without conver- 
sion to the second signal format to said output, when 15 
at least one operating condition has been satisfied, 
said control unit being responsive to the detection of 

a link impairment on said duplex data communica- 
tion channel to alter the at least one operating 
condition that must be satisfied in order to enable 20 
said signal processor to pass the audio data signal 
without conversion to the second signal format. 
23. A signal processor, comprising: 

an input for receiving an audio data signal; 2J 
an output for connection to a data communication chan- 
nel; 

a signal converter coupled to said input for processing the 
audio data signal at said input, said signal converter 
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capable to selectively acquire a first operative mode 
and a second operative mode, in said first operative 
mode said signal converter converting the audio data 
signal from a first format to a second format and 
releasing the audio data signal in said second format 
from said output, in said second operative mode said 
signal converter permitting passage of the audio data 
signal to said output without conversion to said second 
format; 

a centre! unit coupled to said sign :k r. srter, raid control 
unit being operative to enable said signal converter to 
pass from said first operative mode to said second 
operative mode when at least one operating condition 
has been satisfied, said control unit including: 
a link impairment monitor for monitoring the audio 
data signal in the first format on the return link of the 
data communication channel for the presence of 
impairments over the return link; 
said control unit being responsive to the detection by 
said link impairment monitor of a link impairment 
occurring on the data communication channel to alter 
the operating condition that must be satisfied in order 
to enable passage from said first operative mode to 
said second operative mode. 



